Introduction
============

Addressing residual cardiovascular (CV) risk in patients on optimized statin treatment is an unmet need in CV disease management.[@b1-cmc-10-2016-123] Prescription omega-3 fatty acids are effective treatments for hypertriglyceridemia and may have an important role in reducing residual CV risk, given that elevated triglyceride (TG) levels have been implicated in the causal pathway of CV disease.[@b2-cmc-10-2016-123]--[@b9-cmc-10-2016-123]

In addition to TG-lowering effects, the omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have demonstrated benefits on other potential atherogenic parameters that have been identified as potential contributors to residual CV risk, including apolipoprotein B (Apo-B), non-high-density lipoprotein cholesterol (non-HDL-C), and lipoprotein particles.[@b7-cmc-10-2016-123]--[@b13-cmc-10-2016-123] Other beneficial CV effects on heart rate, arrhythmia, blood pressure, systemic vascular resistance, myocardial efficiency, arterial wall compliance, vasodilatory responses, and thrombosis have also been noted.[@b14-cmc-10-2016-123] EPA has been shown to have antioxidant properties and to be incorporated into membrane phospholipids, including the atherosclerotic plaque itself where it exerts beneficial and pleiotropic effects on endothelial function, macrophage function, monocyte function, foam cell formation, inflammation, plaque progression, plaque formation, plaque vulnerability, and thrombus formation, all of which are involved in the development and progression of atherothrombotic processes.[@b15-cmc-10-2016-123]

Omega-3-acid ethyl esters (Lovaza®; GlaxoSmithKline) is a prescription product containing the ethyl esters of EPA and DHA.[@b16-cmc-10-2016-123] Icosapent ethyl (Vascepa®; Amarin Pharma Inc.) is a high-purity prescription formulation of the ethyl ester of EPA; both are currently indicated as an adjunct to diet to reduce TG levels in adult patients with severe hypertriglyceridemia (≥500 mg/dL).[@b16-cmc-10-2016-123],[@b17-cmc-10-2016-123] In randomized, placebo-controlled clinical studies of patients with very high TG levels (500--2000 mg/dL; with or without statins) and in studies of patients with high TG levels (200--499 mg/dL; all statin treated), prescription omega-3 fatty acids have consistently demonstrated significant and substantial reductions in TG levels.[@b7-cmc-10-2016-123]--[@b9-cmc-10-2016-123],[@b18-cmc-10-2016-123]--[@b21-cmc-10-2016-123] However, in these studies, differential effects on low-density lipoprotein cholesterol (LDL-C) have been observed between products containing combinations of DHA and EPA when compared with products containing high-purity EPA. Cumulative clinical evidence from these studies, as well as from systematic reviews and meta-analyses that included studies of EPA and DHA alone, has shown that DHA may increase LDL-C levels, whereas EPA has a neutral effect.[@b7-cmc-10-2016-123]--[@b9-cmc-10-2016-123],[@b18-cmc-10-2016-123]--[@b23-cmc-10-2016-123]

This report describes a high-risk, statin-treated patient and the impact of switching from prescription omega-3-acid ethyl esters (ethyl esters of EPA and DHA) to prescription icosapent ethyl (high-purity EPA ethyl ester) on her lipid or lipoprotein profile over a follow-up period of more than two years.

Case
====

Patient history
---------------

A 55-year-old, overweight, female patient with a history of severe dyslipidemia and insulin resistance has been followed up for \>14 years in a private cardiology practice. She has a complicated medical history, including severe depression, vasodepressor-type orthostatic hypotension, near syncope, and long-standing multiple sclerosis, which has been stable in recent years but was previously treated with intermittent steroids via a mediport. She was previously treated with balloon angioplasty for superior vena cava occlusion at the steroid mediport site. Her recent history (past year) was also notable for stage 1 breast cancer, which was treated with bilateral mastectomy (no metastases) but without aggressive chemotherapy that would be expected to interfere with her lipid or lipoprotein profile. The patient is a smoker with a strong family history of CV disease in her first-degree relatives (mother has dyslipidemia and non-ischemic cardiomyopathy with multifocal atrial tachycardia; father had non-ST-segment elevation myocardial infarction and early-onset multivessel carotid disease requiring carotid endarterectomy and bypass). The patient's non-lipid-lowering medications included oxcarbazepine, sertraline, lamotrigine, alprazolam, oxybutynin, ranitidine, albuterol, aspirin, metoprolol, midodrine, naproxen, baclofen, and tizanidine. During the course of care described herein, the parameters of lifestyle, including diet and exercise, remained stable per patient self-reporting; there was less than 14 lbs of weight change and no changes in fasting blood sugar control. There was no history of chronic heart failure, percutaneous coronary intervention, or catheterization, and the patient's pharmacologic nuclear stress test results were negative; no invasive cardiac studies were performed.

Lipid-lowering medications
--------------------------

Prior to the initiation of any omega-3 fatty acid treatments, the patient's lipid-lowering medications included rosuvastatin 40 mg/day and extended-release niacin 1500 mg/day. Niacin had been introduced in an attempt to improve LDL-C levels given the patient's poor response to aggressive statin therapy. Despite stable doses of her statin and niacin regimens, the patient continued to have elevations in atherogenic lipid parameters, including LDL-C 161 mg/dL, TGs 240 mg/dL, non-HDL-C 209 mg/dL, and total cholesterol (TC) 252 mg/dL. In addition, her HDL-C level was 43 mg/dL. Based on these findings, omega-3-acid ethyl esters 4 g/day (given as 2 g twice daily) was added to her existing lipid-lowering regimen; at the time, omega-3-acid ethyl esters was the only US Food and Drug Administration (FDA)-approved prescription omega-3 fatty acid product available.

After 10 months on stable doses of omega-3-acid ethyl esters in combination with stable doses of rosuvastatin and extended-release niacin along with weight loss of approximately 13 lbs in the previous six to nine months, the patient's lipid profile revealed reduction in TG levels to 182 mg/dL ([Table 1](#t1-cmc-10-2016-123){ref-type="table"} and [Fig. 1](#f1-cmc-10-2016-123){ref-type="fig"}). (All lipid profiles were measured by nuclear magnetic resonance \[NMR\] spectroscopy by Cleveland Clinic Laboratories.) There were minimal to no improvements in non-HDL-C, TC, and HDL-C levels. Most concerning was the persistently elevated LDL-C level of 168 mg/dL. In addition, her NMR lipoprotein profile revealed elevated lipoprotein particle concentrations with an LDL particle (LDL-P) concentration of 1772 nmol/L and a small dense LDL-P concentration of 715 nmol/L. Based on these results, the patient's strong family history of CV disease, and data regarding the differential effects of EPA and DHA on LDL-C, omega-3-acid ethyl esters treatment was switched to the prescription EPA-only omega-3 fatty acid, icosapent ethyl.

Impact of switching to icosapent ethyl on lipid profile
-------------------------------------------------------

After approximately one year of treatment with icosapent ethyl 4 g/day as add-on therapy to her original lipid-lowering regimen (stable rosuvastatin and extended-release niacin) and without any significant changes in weight to date, the patient's NMR lipid and lipoprotein profile showed substantial improvement compared with her lipid profile while on omega-3-acid ethyl esters treatment ([Table 1](#t1-cmc-10-2016-123){ref-type="table"} and [Fig. 1](#f1-cmc-10-2016-123){ref-type="fig"}): LDL-C level decreased by 52% to 80 mg/dL, TG level decreased by 29% to 130 mg/dL, non-HDL-C level decreased by 48% to 106 mg/dL, TC level decreased by 37% to 156 mg/dL, and HDL-C level increased by 19% to 50 mg/dL. In addition, her total LDL-P concentration decreased by 27% to 1297 nmol/L and her small dense LDL-P concentration decreased by 87% to 91 nmol/L.

The most recent follow-up NMR lipid profile for this patient demonstrated ongoing improvements in lipid parameter levels over 28 months with stable weight and continued icosapent ethyl add-on treatment ([Table 1](#t1-cmc-10-2016-123){ref-type="table"} and [Fig. 1](#f1-cmc-10-2016-123){ref-type="fig"}): LDL-C, 52 mg/dL; TG, 119 mg/dL; non-HDL-C, 76 mg/dL; and TC, 137 mg/dL. Her LDL-P concentration was 706 nmol/L, and her small dense LDL-P concentration was 296 nmol/L; both values were approximately 60% lower than levels reported prior to the switch from omega-3-acid ethyl esters to icosapent ethyl. Although Apo-B measurements for this patient were not available prior to initiation of icosapent ethyl, measurements after the switch show a reduction from 99 mg/dL at approximately one year of treatment to 64 mg/dL at the most recent follow-up.

This case illustrates that switching from omega-3-acid ethyl esters to icosapent ethyl improved a broad range of potentially atherogenic parameters in a patient with high residual CV risk, despite treatment with a statin and niacin. Both prescription omega-3 fatty acid products were well tolerated, with no observed or reported issues concerning adverse effects, drug interactions, or adherence to treatment in this patient.

Discussion
==========

This report describes a patient with severe dyslipidemia and high residual CV risk, despite stable lipid-lowering treatment with a statin and extended-release niacin in a private cardiology practice. Addition of prescription omega-3-acid ethyl esters 4 g/day (EPA + DHA) to her lipid-lowering regimen improved TG levels, but her LDL-C level was 168 mg/dL, a cause for concern given her high CV risk and strong family history of CV disease. Based on her persistently elevated LDL-C level, as well as evidence that the EPA-only omega-3 fatty acid product icosapent ethyl had not increased LDL-C levels compared with placebo,[@b8-cmc-10-2016-123],[@b17-cmc-10-2016-123],[@b20-cmc-10-2016-123] the patient was switched from omega-3-acid ethyl esters to icosapent ethyl 4 g/day. After approximately one year of treatment with icosapent ethyl, she experienced substantial reductions in levels of LDL-C, TG, non-HDL-C, and TC and improvements in LDL-P and small dense LDL-P concentrations. Most of these parameters continued to improve during an additional 16 months of ongoing icosapent ethyl treatment.

The lipid profile changes demonstrated in the current case study are consistent with other reports of patients being switched from EPA + DHA products to icosapent ethyl.[@b24-cmc-10-2016-123]--[@b27-cmc-10-2016-123] A retrospective chart review of 10 patients (9 treated with statins) with prediabetes or diabetes showed that switching from omega-3-acid ethyl esters 4 g/day to icosapent ethyl 4 g/day was well tolerated and resulted in improvements in the levels of LDL-C, TG, non-HDL-C, TC, and HDL-C for most patients.[@b24-cmc-10-2016-123] Similarly, another retrospective case series of 15 patients (10 treated with statins) with elevated TG levels or hyperlipidemia showed that the switch from omega-3-acid ethyl esters 4 g/day to icosapent ethyl 4 g/day was associated with reductions in LDL-C, TG, non-HDL-C, and TC levels (changes in HDL-C levels were variable).[@b26-cmc-10-2016-123] These findings are notable in that such patients, due to their atherogenic lipid profiles and/or other relevant conditions, may be at residual CV risk despite statin therapy.

The primary reason for the treatment switch from omega-3-acid ethyl esters to icosapent ethyl was to potentially address the patient's persistently elevated LDL-C level. Significant LDL-C level increases were observed in phase 3 clinical trials of omega-3-acid ethyl esters in patients with very high TG levels (≥500 mg/dL),[@b16-cmc-10-2016-123],[@b18-cmc-10-2016-123],[@b19-cmc-10-2016-123] and thus all EPA + DHA combination omega-3 fatty acid products include language in their prescribing information warnings and precautions that LDL-C levels may rise during treatment and should be monitored.[@b16-cmc-10-2016-123],[@b28-cmc-10-2016-123],[@b29-cmc-10-2016-123] In contrast, icosapent ethyl did not increase LDL-C levels compared with placebo in phase 3 clinical trials, and the prescribing information does not include warnings and/or precautions pertaining to LDL-C.[@b8-cmc-10-2016-123],[@b17-cmc-10-2016-123],[@b20-cmc-10-2016-123]

The LDL-P and small dense LDL-P response associated with switching from omega-3-acid ethyl esters to icosa-pent ethyl in this patient is noteworthy. After approximately one year on icosapent ethyl, reductions of 27% and 87% were observed in LDL-P and small dense LDL-P concentrations, respectively. Substantial reductions in both LDL-P and small dense LDL-P concentrations were still evident at the most recent follow-up (more than two years). While the clinical implications of these findings are not well established, LDL-P is an emerging marker for CV risk and may influence athero-genicity.[@b30-cmc-10-2016-123],[@b31-cmc-10-2016-123] Parameters such as LDL-P can help provide a more complete assessment of CV risk than LDL-C alone and thus help guide clinical decisions regarding treatment for dyslipidemia.[@b32-cmc-10-2016-123]

Increased LDL-P is associated with greater diffusion of LDL particles into the arterial wall, where LDL particles may undergo oxidative modification and uptake by tissue macrophages, forming foam cells and thus promoting atherosclerosis.[@b33-cmc-10-2016-123] Elevated LDL-P, particularly in patients on lipid-lowering medications, may be more predictive of residual CV risk than LDL-C and non-HDL-C. The 2015 National Lipid Association Expert Panel on Patient-Centered Management of Dyslipidemia has suggested that LDL-P may have clinical utility, especially in patients who have achieved non-HDL-C and LDL-C goals.[@b10-cmc-10-2016-123] Both large and small LDL particles have been reported to have an association with CV mortality.[@b34-cmc-10-2016-123] Small dense LDL particles are among the best characterized and may be associated with greater atherogenicity than larger particles (due to relative ease of oxidation) and increased risk for CV disease.[@b35-cmc-10-2016-123],[@b36-cmc-10-2016-123]

The icosapent ethyl-associated improvements in lipoprotein particles reported in this statin-treated patient are generally consistent with subanalyses from phase 3 randomized clinical studies of icosapent ethyl in patients with very high or high TG levels.[@b12-cmc-10-2016-123],[@b13-cmc-10-2016-123] Beneficial effects of icosapent ethyl on LDL-P were first reported in a prespecified exploratory analysis of patients with very high TG levels (≥500 and ≤2000 mg/dL) who participated in the Multi-Center, PlAcebo-Controlled, Randomized, Double-BlINd, 12-week study with an open-label Extension (MARINE). Among patients with NMR lipoprotein particle data assessments, 12 weeks of treatment with icosapent ethyl 4 g/day produced significant reductions in large very-low-density lipoprotein particle (VLDL-P), total LDL-P, small dense LDL-P, and total HDL-P concentrations and a significant reduction in VLDL-P size compared with placebo.[@b12-cmc-10-2016-123] More recently, a prespecified exploratory analysis of the ANCHOR study reported lipoprotein profile findings in patients with TG levels ≥200 to \<500 mg/dL and LDL-C ≥40 to ≤100 mg/dL, despite statin treatment.[@b13-cmc-10-2016-123] Among patients with NMR lipoprotein particle assessments, 12 weeks of treatment with icosapent ethyl 4 g/day produced significant reductions in concentrations of total VLDL-P, large VLDL-P, total LDL-P, small dense LDL-P, total HDL-P, and large HDL-P compared with placebo. In addition, icosapent ethyl 4 g/day significantly reduced VLDL-P and HDL-P size while slightly increasing LDL-P size compared with placebo.

The impact of icosapent ethyl on lipid and lipoprotein parameters and the implications for CV outcomes are being investigated in the Reduction of Cardiovascular Events with EPA-Intervention Trial (REDUCE-IT; [ClinicalTrials.gov](http://ClinicalTrials.gov) identifier: NCT01492361), a randomized, placebo-controlled, clinical study currently underway and evaluating icosapent ethyl 4 g/day in combination with statins in patients with hypertriglyceridemia and high CV risk.[@b5-cmc-10-2016-123] The results of the recent Improved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT)[@b37-cmc-10-2016-123] have underscored the principle behind statin add-on therapy as a strategy to reduce residual CV risk and the importance of ensuring low LDL-C levels.

Although this current report is limited to a single retrospective case and results may not necessarily be extrapolated to patients with different demographic and clinical characteristics, the collective evidence from this and other retrospective case reports/series published to date[@b24-cmc-10-2016-123]--[@b26-cmc-10-2016-123] suggests that improvements in lipid parameters may be achieved after switching from products containing both DHA and EPA to the prescription EPA-only product, icosapent ethyl. Taken together, these case studies suggest that a prospective clinical study examining the impact of such a switch with a much larger sample size may be warranted. In addition, FDA equivalence codes indicate that products containing DHA are not therapeutically equivalent to icosapent ethyl, and therefore, such products should not be substituted for icosapent ethyl.[@b38-cmc-10-2016-123] Other limitations of this report include the patient's history of breast cancer, which may have affected her lipid and lipoprotein results, although no obvious chemotherapy-specific pharmacologic etiology was noted. In this real-world setting, another limitation was that parameters such as fasting prior to lipid and lipoprotein measurements, medication adherence, and diet and exercise stability were reported by the patient and were thus not verifiable. Finally, the report focuses only on lipid and lipoprotein results and not CV outcomes. Icosapent ethyl is not approved by the US FDA to reduce the risk of coronary heart disease. The effect of icosapent ethyl on the risk of CV mortality and morbidity has not been determined. The benefits of icosapent ethyl on CV outcomes remain to be proven and are currently being investigated in REDUCE-IT.

Conclusions
===========

In this statin-treated patient with high residual CV risk and strong familial risk factors for CV disease, switching from omega-3-acid ethyl esters (prescription EPA + DHA) to icosapent ethyl (prescription high-purity EPA) was well tolerated and substantially improved lipid or lipoprotein parameters, including LDL-C, non-HDL-C, VLDL-C, LDL-P, and small dense LDL-P. In general, improvements in lipid and lipoprotein parameters were maintained with icosapent ethyl treatment over two years.
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![Changes in lipid parameters (**A**) and lipoprotein parameters (**B**) at approximately one year and more than two years after switching from omega-3-acid ethyl esters (EPA + DHA) to icosapent ethyl (high-purity EPA). Patient was on stable doses of rosuvastatin and extended-release niacin. Percent changes shown are for icosapent ethyl compared with omega-3-acid ethyl esters treatment.\
**Abbreviations:** DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LDL-P, low-density lipoprotein particle concentration; non-HDL-C, non-high-density lipoprotein cholesterol; sdLDL-P, small dense low-density lipoprotein particle concentration; TC, total cholesterol; TGs, triglycerides; VLDL-C, very-low-density lipoprotein cholesterol.](cmc-10-2016-123f1){#f1-cmc-10-2016-123}

###### 

Lipid and lipoprotein parameters before and after switching from omega-3-acid ethyl esters (EPA + DHA) to icosapent ethyl (high-purity EPA) in a statin-treated patient[\*](#tfn1-cmc-10-2016-123){ref-type="table-fn"}.

                                                                    ON OMEGA-3-ACID ETHYL ESTERS 4 g/day (10 MONTHS)     ON ICOSAPENT ETHYL 4 g/day (≈1 YEAR)[†](#tfn2-cmc-10-2016-123){ref-type="table-fn"}   ON ICOSAPENT ETHYL 4 g/day (\>2 YEARS)[†](#tfn2-cmc-10-2016-123){ref-type="table-fn"}
  ----------------------------------------------------------------- ---------------------------------------------------- ------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------
  **Lipid and lipoprotein parameters**                                                                                                                                                                         
  LDL-C, mg/dL                                                      168[‡](#tfn3-cmc-10-2016-123){ref-type="table-fn"}   80[§](#tfn4-cmc-10-2016-123){ref-type="table-fn"}                                     52[§](#tfn4-cmc-10-2016-123){ref-type="table-fn"}
   % change                                                                                                              −52.4                                                                                 −69.1
  TGs, mg/dL                                                        182                                                  130                                                                                   119
   % change                                                                                                              −28.6                                                                                 −34.6
  Non-HDL-C, mg/dL[║](#tfn5-cmc-10-2016-123){ref-type="table-fn"}   204                                                  106                                                                                   76
   % change                                                                                                              −48.0                                                                                 −62.8
  TC, mg/dL                                                         246                                                  156                                                                                   137
   % change                                                                                                              −36.6                                                                                 −44.3
  VLDL-C, mg/dL[¶](#tfn6-cmc-10-2016-123){ref-type="table-fn"}      32                                                   25                                                                                    22
   % change                                                                                                              −21.9                                                                                 −31.3
  HDL-C, mg/dL                                                      42                                                   50                                                                                    61
   % change                                                                                                              +19.1                                                                                 +45.2
  Apo-B, mg/dL                                                      Not available                                        99                                                                                    64
   % change                                                                                                              Not calculated                                                                        Not calculated
  **Lipoprotein particle concentration**                                                                                                                                                                       
  Large VLDL-P, nmol/L                                              5.6                                                  \<0.7                                                                                 \<0.8
   % change                                                                                                              Not calculated (value too low)                                                        Not calculated (value too low)
  LDL-P, nmol/L                                                     1772                                                 1297                                                                                  706
   % change                                                                                                              −26.8                                                                                 −60.2
  sdLDL-P, nmol/L                                                   715                                                  91.0                                                                                  296.0
   % change                                                                                                              −87.3                                                                                 −58.6
  Large HDL-P, μmol/L                                               1.7                                                  4.7                                                                                   10.0
   % change                                                                                                              +176.5                                                                                +488.2
  HDL-P, μmol/L                                                     28.1                                                 28.4                                                                                  32.5
   % change                                                                                                              +1.1                                                                                  +15.7
  **Lipoprotein particle size**                                                                                                                                                                                
  VLDL-P, nm                                                        45.8                                                 Too low to determine                                                                  43.4
   % change                                                                                                              Not calculated                                                                        −5.2
  LDL-P, nm                                                         21.4                                                 21.1                                                                                  20.7
   % change                                                                                                              −1.4                                                                                  −3.3
  HDL-P, nm                                                         8.4                                                  9.8                                                                                   10.0
   % change                                                                                                              +16.7                                                                                 +19.1

**Notes:**

Patient was on stable doses of rosuvastatin and extended-release niacin.

Percent changes shown are for icosapent ethyl compared with omega-3-acid ethyl esters treatment.

LDL-C level was calculated via the Friedewald equation: LDL-C = TC − HDL-C − (TG/5).[@b39-cmc-10-2016-123]

LDL-C level was measured directly.

Non-HDL-C values calculated as TC − HDL-C.

VLDL-C values from standard lipid panel (not reported in NMR).

**Abbreviations:** Apo-B, apolipoprotein B; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HDL-C, high-density lipoprotein cholesterol; HDL-P, high-density lipoprotein particle; LDL-C, low-density lipoprotein cholesterol; LDL-P, low-density lipoprotein particle; non-HDL-C, non-high-density lipoprotein cholesterol; sdLDL-P, small dense low-density lipoprotein particle; TC, total cholesterol; TGs, triglycerides; VLDL-C, very-low-density lipoprotein cholesterol; VLDL-P, very-low-density lipoprotein particle.
